Background and Purpose Etiology and symptomatology in pontine infarction extending to the basal surface are supposed to be different from those in deep pontine infarction of the lacunar type. The aim of this study was to compare the infarct size and location, vascular lesions, risk factors, and neurological deficits in three different types of acute pontine infarction.
L arge pontine infarction developed by penetrating artery occlusion at its origin has been reported to possess different characteristics from the small pontine infarction with deep intrapontine arterial lesions. 1 
"
4 Pontine infarction of this type caused by branch atheromatous disease seems to be more common than previously thought. 3 ' 4 However, there have not yet been sufficient clinical studies, probably because detection of the branch occlusion at the orifice is difficult even pathologically. 3 Magnetic resonance imaging (MRI) and microangiographic studies 3 -5 have suggested that large pontine infarct extending to the basal surface may be due to extrapontine arterial occlusion.
The purpose of this study was to examine the clinical features, radiological findings, and underlying risk factors in (1) pontine infarction extending to the basal surface, (2) pontine infarction localized in the deep pons, and (3) pontine infarction with simultaneous extrapontine infarct in the posterior circulatory system. The underlying vascular lesions in these infarctions were supposed to be variable, mainly extrapontine 1, 2, and 3, respectively. However, hypertension (60% to 65%), diabetes mellitus (35% to 45%), and hvpercholesterolemia (13% to 17%) were equally distributed among the three groups. Classic lacunar syndromes were seen in 14 patients (47%) in group 1, in 20 patients (87%) in group 2, but in none of the patients in group 3. Patients belonging to group 1 showed a higher incidence of hemiparesis involving the face (37%), sensorimotor stroke (20%), and hemiparesis with confusion (17%) than those in group 2 (22%, 0%, and 4%, respectively) or in group 3 (0%, 5%, and 0%, respectively).
Conclusions Pontine infarction in group 1 may have several different causes, such as cardioembolism, artery-to-artery embolism, or atherosclerosis of the basilar artery affecting pontine branches. Severe neurological symptoms often result that differ from those seen in the deep pontine lacunar infarction in group 2. 
Subjects and Methods
Seventy-three consecutive patients with acute pontine infarction from a total of 750 patients with acute brain infarction who were admitted to St Mary's Hospital between April 1989 and March 1993 were included in this study (34 men and 39 women, aged 42 to 87 years with an average age of 72± 10 years [mean±SD]). According to the site of the infarcts on MRI, they were divided into three groups: (1) pontine infarct extending to the basal surface (group 1, 30 patients), (2) pontine infarct without extension to the basal surface (group 2, 23 patients), and (3) pontine infarct with simultaneous extrapontine infarct in the posterior circulatory system (group 3, 20 patients).
MRI examinations were performed using the 1.5-T superconducting system (Magnetom, Siemens) with spin-echo pulse sequences. Axial T,-weighted (repetition time [TR] , 600 milliseconds; echo time [TE], 15 milliseconds), proton densityweighted (TR, 3000 milliseconds; TE, 15 milliseconds), and T 2 -weighted (TR, 3000 milliseconds; TE, 90 milliseconds) scans were generated with a slice thickness of 6.5 mm. Contrast enhancement with intravenous gadolinium was also used. Maximum area and diameter of the pontine infarct were evaluated by means of precontrast axial T 2 -weighted scan. Extension to the basal surface was confirmed on the axial T 2 -weighted scan. We also evaluated the signal void (low signal intensity) in the basilar artery to ascertain its patency. Median number of days from the onset to MRI examination was 10 days in group 1, 12 days in group 2, and 7 days in group 3.
Angiographic examinations were performed by vertebral angiography using the conventional Seldinger's method and by magnetic resonance angiography (MRA) using a three-dimen- (3) blood pressure level at 8 weeks after the onset of stroke; (4) electrocardiographic abnormalities of Minnesota code III1 or IV1-3; (5) emboligenic heart diseases 7 ; (6) diabetes mellitus (defined as use of insulin or oral hypoglycemic drugs, fasting blood glucose 2140 mg/dL, or ambient blood glucose ^200 mg/dL); (7) hypercholesterolemia of serum total cholesterol £220 mg/dL; (8) daily smoking of 10 cigarettes or more; and (9) hematocrit value on admission.
Neurological deficits were evaluated according to Fisher's classification for lacunar syndromes. 8 We also examined the face and limbs for the presence of dysarthria and sensorimotor disturbance. The severity of limb paresis was graded using the Manual Muscle Test from 5 (normal) to 0 (complete paresis). 9 Other neurological deficits were judged as follows: 2 (normal), 1 (mild), and 0 (moderate or severe deficit). Physical ability at 8 weeks was evaluated using the Rankin disability scale from 1 (no significant disability) to 5 (severe disability). 10 To assess the difference in radiological and clinical profiles among the groups, we used one-way ANOVA coupled with Dunnett's multiple comparison test for continuous variables and contingency table analysis for observed frequencies in multiple categories. Frequency and severity of the neurological deficits were compared between groups 1 and 2 using the X 2 test and the Mann-Whitney U test. Continuous data were expressed as mean+SD. A two-tailed probability value of less than .05 was considered significant.
Results
Pontine infarcts on MRI in all patients are shown in Fig 1 . In group 1 (cases 1 through 30), infarcts were situated close to the basilar trunk, indicating that they had developed mainly in the paramedian branch territory. Case 28 showed a wedge-shaped infarct with hemorrhagic transformation, which may have developed in the short circumferential branch territory. In group 2 (cases 31 through 53), infarcts were sited in the deep pons of the paramedian or short circumferential artery territory. Infarcts in groups 1 and 2 were strictly localized in the pons, whereas fresh infarcts other than those in the pons were not found on MRI. In group 3 (cases 54 through 73), simultaneous cerebellar infarcts were observed in 13, mesencephalic infarcts in 12, thalamic infarcts in 9, and occipital lobar infarcts in 3 patients. Three patients presented anterior inferior cerebellar artery territory infarcts (cases 54 through 56). Signal void in the basilar artery was clearly noted in all the patients in groups 1 and 2 in both T,-and T 2 -weighted scans, with some showing mural high-signal intensity. Signal void in the basilar artery was absent in 12 patients in group 3, in either T r or T 2 -weighted scan.
The mean value for the diameter of infarcts in group 1 was 15.0+3.5 mm, which was the upper limit of the lacunar infarct size according to Fisher's initial defini- Table 1 ). The infarct area in group 1 was also greater than that in group 2 (/ ) <.0001) but smaller than that in group 3 (P<.0001). The distance from the middle point of the basal surface to the dorsal end of the infarct was significantly longer in group 1 than in group 2, whereas the distance to the lateral end did not differ significantly between the two groups, indicating that the infarcted area in group 1 had a tendency to expand to the pontine tegmentum but not to the large circumferential branch territory compared with group 2.
Angiographic findings are summarized in Table 2 . Basilar trunk stenosis was observed in 3 patients (50% of the patients studied) as shown in part in Fig 2, and stenosis or occlusion of the vertebral artery was found in 2 patients (33%) in group 1. In contrast, none of the patients in group 2 showed stenosis of the basilar artery, but 3 patients (50%) had occlusion, hypoplasia, or dissection of the vertebral artery. Mild to severe stenosis or occlusion of the basilar artery and vertebral artery was also observed in 7 (78%) and 4 patients (44%) in group 3, respectively. Emboligenic vertebral artery lesion, ie, atherosclerotic stenosis at the orifice and dissection, 1213 was detected in 1 patient in both groups 1 (Fig 2) and 2 .
The clinical profiles are depicted in Table 3 . Approximately 60% of the patients in each group presented with history of hypertension. Blood pressure levels at 8 weeks after onset showed no difference among the groups. Grade of hypertension by JNC-V classification was equivalently distributed, with approximately 50% being stage 1 (systolic pressure between 159 and 140 mm Hg or diastolic pressure between 99 and 90 mm Hg) and 30% being stage 2 or more (systolic pressure 2: 160 mm Hg or diastolic pressure S100 mm Hg). 6 Among the other clinical features, the incidence of potential emboligenic heart disease was 23% for group 1, 0% for group 2, and 30% for group 3, these being significantly different. Heart diseases in group 1 included nonvalvular atrial fibrillation in 3 patients (cases 3, 16, and 29), 
Group 1 (n=30)
14 (47%) 13 (43%) [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] (11/2) 0 1 (3%) [14] 0 6 (20%) [15] [16] [17] [18] [19] [20] 9(30%) 5 (17%) [21] [22] [23] [24] [25] 2 (7%) [26, 27] 2 (7%) [28, 29] Numbers in brackets are patient case numbers correspondischemic heart disease in 2 (cases 21 and 28), complete atrial ventricular block in 1 (case 22), and congestive heart failure due to hypertensive heart disease in 1 (case 11). In group 3, 3 patients had nonvalvular atrial fibrillation (cases 63 through 65) while the other 3 had ischemic heart disease (cases 55, 62, and 66).
Ginical features in the acute stage are presented in Table 4 . Classic lacunar syndromes 14 appeared in 47%, 87%, and 0% of groups 1, 2, and 3, respectively (P<.0001, contingency table analysis). Pure motor hemiparesis (PMH) was observed in 13 patients (43%) in group 1 and 11 patients (48%) in group 2 but in none of the patients in group 3. Of these patients with PMH, 11 patients in group 1 (11/13=85%) and 5 patients in group 2 (5/11=45%) suffered from facial paresis (P<.05, x 2 test). Ataxic hemiparesis or dysarthria/ clumsy hand syndrome was seen in 1 patient (3%) in group 1, 8 patients (34%) in group 2, and in none of the patients in group 3. Sensorimotor stroke was present in group 1 (20%) and in group 3 (5%). Atypical lacunar syndromes such as PMH with confusion and lower basilar branch syndrome (dizziness, dysarthria, and cerebellar ataxia) 8 appeared in 9 (30%), 3 (13%), and 7 (35%) patients in groups 1, 2, and 3, respectively. One patient (3%) in group 1 and 12 patients (60%) in group 3 presented with stupor or coma. Table 5 presents the frequency and severity of neurological deficits other than stupor or coma in the patients in groups 1 and 2. Group 3 was excluded from the present analysis because 60% of the patients were in a stupor or coma. Dysarthria, supranuclear facial paresis, and upper and lower limb paresis were present in 97%, 86%, 93%, and 93% of the patients in group 1, while being less frequent in 65%, 43%, 78%, and 65% of group 2 patients, respectively. The severity of the motor deficits was also greater in group 1. Sensory disturbance of the face and limbs was more frequent in group 1 than in group 2, although the difference was not significant. Rankin disability scale at 8 weeks after the onset averaged 2.7±1.6, 1.5±0.7, and 3.9±1.4 in groups 1, 2, and 3, respectively (P<.0001). Direct death by pontine infarction was seen in 6 patients, all of whom were in group 3. In group 1, we performed brain necropsy in 2 patients with indirect death (cases 14 and 23), which revealed the infarct extending to the basal surface, supporting the close relationship between radiological and pathological expansion of the infarct lesion (Fig 3) . We observed the patency of basilar arteries with mural atherosclerosis in these 2 patients, although their branch pathology could not be clarified.
Discussion
The pontine infarct extending to the basal surface (group 1) had a larger diameter than the classic lacune 14 and a 2.5-fold greater infarct area than the deep pontine infarction (group 2). Therefore, pontine infarct of group 1 was large enough to be called "giant lacune" or "superlacune,"
11 ' 15 terms usually used for capsular infarct in the supratentorium. Our present study clarified two interesting features of the large pontine infarction: (1) its etiological mechanism is heterogenous, ie, atherosclerotic or embolic, and (2) its symptomatology is more severe (associated with frequent PMH involving the face, sensorimotor stroke, and PMH with confusion) when compared with the deep pontine lacune.
Branch atheromatous disease is not caused by occlusion but by luminal atherosclerosis of the parent artery, which blocks the orifice of several small branch arterioles. 3 This concept fits one half of the patients who were angiographically studied in group 1 and whose basilar arteries had atherosclerotic stenosis on angiogram and flow-void phenomenon on MRI. 16 It is misleading to suggest that major athero-occlusive lesions are necessary to produce a basilar branch territory infarct. Small, nonobstructive plaques extending into the mouth of the branch or small beads of atheroma at the branch orifice may also produce this effect, and these lesions may not be obvious on angiography. The definite prevalence of vascular pathology, however, was not fully scrutinized because of the small number of angiographic and MRA examinations in this study. In future studies, MRA will supersede conventional angiography for the evaluation of the vertebrobasilar trunk with relatively high accuracy. 1719 We hypothesized that hypertension was less frequent in group 1, since it is not regarded as a main cause of branch atheromatous disease. 3 The incidence of hypertension, however, was not different among the groups. Moreover, the frequency of diabetes and hypercholesterolemia showed no difference among the groups. Previous studies also showed approximately the same distribution of hypertension (60%), regardless of the infarct size. 20 Embolism may be another cause of pontine infarction extending to the basal surface. It has been postulated as one of the mechanisms of small capsular infarction in humans as well as in animals, 21 
"
24 and its significance in the posterior circulatory system has also been reevaluated.
1925 " 27 Embolic infarct of the small pontine branch has been rarely reported. The higher incidence of heart disease in group 1 in comparison to group 2, where there was no such incidence, suggested the possibility of a cardioembolic mechanism in group 1. However, the prevalence of emboligenic heart disease was no higher in group 1 than that shown in previous reports on lacunar infarction. 28 -30 It may be difficult to diagnose an embolic stroke even in a patient with emboligenic heart or arterial disease. At least 1 patient (case 28) from our series was thought to have an embolic mechanism. The infarct showed hemorrhagic transformation, and the embolic source was considered to be either atherosclerotic stenosis of the vertebral orifice (artery-to-artery embolism) or emboli arising from ischemic heart disease. To our knowledge, there have been no reports on such detectable hemorrhagic infarctions of the pons. We evaluated vertebral orifice lesions in a few patients as a potential embolic source. 12 They would perhaps be easier to detect if Doppler cervical ultrasonography and transesophageal echocardiography were used, 17 -31 as they are hardly detectable by MRA alone. Although embolism is a different mechanism from branch atheromatous disease, we should recognize this uncommon potential cause of pontine infarction extending to the basal surface.
The variety of symptoms in group 1 resulted from the larger infarct size. It can be easily suspected that a lesion expanded as far as the tegmentum may bring various tegmental signs. Since lacunar infarcts in the pons are usually situated within the basal portion, extension into the tegmentum is thought to be uncommon. 4 Recent studies on pontine lacunes, however, have reported patients with sensorimotor deficits and other atypical lacunar syndromes. Supranuclear facial palsy is usually caused by the involvement of the middle to rostral pontine pyramid as well as other possible foci, such as the pontomedullary bundle, which leaves the main pyramidal tract and supplies the facial nucleus. 34 Sensorimotor stroke is due to combined damage to the pontine base and tegmental spinothalamic or medial lemniscal tracts. Tegmental damage in group 1 resulted in these syndromes. A previous report on pontine sensorimotor stroke also emphasized the importance of nonlacunar mechanisms, such as several arterial branch occlusions. 32 The consciousness disturbance seen in group 1 suggests the involvement of the reticular activating system in the tegmentum.
Patients in group 1 had more severe neurological deficits and a worse prognosis than did the usual lacunar patients. Diagnostic evaluation should include noninvasive evaluation of the vertebrobasilar system, and if results are negative, evaluation for a potential cardioembolic source should be included.
In conclusion, pontine infarction extending to the basal surface has different etiologies, clinical features, and prognosis compared with the common pontine lacunar infarction. Further information from pathological observations is necessary to corroborate the possible causes. We think that the present study is significant in calling attention to this "neglected" concept of extrapontine branch lesions.
